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Introduction: We are investigating biological mecha-
nisms of terrestrial iron deposition as analogs for Mar-
tian hematite recently confirmed by [1]. Possible ter-
restrial analogs include iron oxide hydrothermal de-
posits, rock varnish, iron-rich laterites, ferricrete soils,
moki balls, and banded iron formations (BIFs) [2, 3].
With the discovery of recent volcanic activity in the
summit craters of five Martian volcanoes [4], renewed
interest in the iron dynamics of terrestrial hydrother-
mal environments and associated microorganisms is
warranted. In this study we describe a new genus and
species of CB exhibiting elevated dissolved iron toler-
ance and the ability to precipitate hematite on the sur-
face of their exopolymeric sheathes.

Although the role of photosynthetic microorgan-
isms in the generation of BIFs was acknowledged
about 30 years ago [5], there is still no consensus
about how ancestral photosynthetic organisms which
are participated in Fe*" oxidation during the Precam-
brian period The generally accepted assumption is that
cyanobacteria (CB) were the source of oxygen for
BIFs generation however, this hypothesis has recently
been called into question by [6]. Based on phyloge-
netic analyses, [6] proposed that CB with oxygenic
photosynthesis capabilities evolved just 2.2 Ga ago,
much later than the time at which BIFs were formed.
However, the potential role of CB-mediated anoxy-
genic photosynthesis [7] was not accounted for in
these analyses.

While both phototrophic proteobacteria [8] and sul-
fide-resistant CB [9] are capable of the oxidation of
Fe?* through anoxygenic photosynthesis, the ability of
CB to perform anoxygenic photosynthesis under con-
ditions relevant to the Precambrian has not been thor-
oughly explored. One of the few studies to address this
issue [10] found that Fe®* stimulated photosynthesis in
iron-tolerant, thermophilic cyanobacterial mat com-
munities inhabiting iron-rich hot springs. They [10]
hypothesized direct oxidation of Fe** in photosystem I
(PS 1), although the biochemistry of this process has
not been studied in detail. However, it has been postu-
lated that iron-dependent photosynthesis might have
been an important step in the evolution of oxygenic
photosynthesis in ancestral CB [11]. Thus, atmos-
pheric oxygen would not be required in this direct mi-
crobial oxidation process and significant BIFs could be

formed in anoxic conditions. Hence, examination of
iron-tolerant and thermophilic CB may shed light on
ancient terrestrial iron deposition processes and may
be applicable to the understanding the presence of
certain mineral signatures on Mars.

There is also a strong need for inclusion of iron-
resistant thermophilic strains in cyanobacterial phylog-
enies, many areas of which are poorly defined [12].
Since there is a paucity of sequence data pertaining to
thermophilic iron-resistant strains, CB phylogenetic
analyses, including those suggesting that oxygenic
photosynthesis evolved 2.2 Ga ago, are potentially
omitting key species. This is especially important for
determination of relationships between ancient and
contemporary CB, since there is general agreement
that temperatures [13], iron concentrations of Precam-
brian waters [14] and pH [15] were generally much
greater than what is typical today.

Results and discussion. Ten unialgal cultures of
iron-tolerant CB were isolated from two iron-
depositing hot springs in Great Yellowstone area, i.e.
LaDuke and Chocolate Spots Hot Springs (chemical
descriptions of both springs can be found in [16, 17]).
They are represented by both unicellular and filamen-
tous species, all of which appear to exhibit elevated
resistance to ferric (Fe**) iron (up to 400 uM) and to
be potential reservoirs for precipitated hematite (Fig.
1). Representative of these strains is the isolate 5.2
s.c.1, which is the focus our analyses.

Phylogenetic analysis of isolate 5.2 s.c.1 supported
placement within Cyanobacteria but failed to support
placement within any established cyanobacterial
group. These results indicate that 5.2 s.c.1 isolate di-
verges independently from any other genus-level
cyanobacterial group and, therefore, merits genus
status. Interestingly, isolate 5.2 s.c.1 exhibited the
greatest sequence homology to the Microcoleus, a ge-
nus with expressed anoxygenic photosynthesis capa-
bilities [18]. Future research will address the issue as
to whether isolate 5.2 also has this capability.

The isolate 5.2 s.c.1 is a unicellular cyanobacte-
rium with cells typically packed as duplexes, or in
clumps or small chains, covered with extracellular
polymeric substance (EPS). Cells exhibit a bladder-
like shape.
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Although the morphology of 5.2 s.c.1 cells is remi-
niscent of the Synechocystis genus, a salient difference
is that isolate 5.2 s.c.1 has an EPS cover what may
reach ~ 1pm.

No growth without added combined nitrogen oc-
curred, suggesting that 5.2 s.c.1 isolate is unable to fix
atmospheric nitrogen, thus providing a physiological
distinction between isolate 5.2 s.c.1 and the genus
Nostocales [19].

Two weeks after inoculation with 5.2 s.c.1 culture,
DH media supplemented with 400 uM FeCls.6H,0
exhibited a nearly 3 fold decrease in total soluble iron
concentration compared to uninoculated media, indi-
cating that 5.2 s.c.1 facilitates the removal of soluble
iron from growth medium. While the EPS layer of
cells incubated in the presence of 400 uM of iron ex-
hibited orange-brown coloration (Fig. 1), this colora-
tion was absent in cells grown in the presence of only
40 uM of iron. Additionally, crystals observed in light
and SEM micrographs were confirmed to contain iron
using Energy Dispersive X-ray Spectroscopy, further
suggesting that the EPS layer of 5.2 s.c.1 is a reposi-
tory for iron. Extracellular accumulation of iron by
iron-resistant CB may potentially serve three func-
tions: to decrease the chemical potential of active (ac-
cessible for cells) iron [20], to produce a pool of re-
serve iron for times of low iron availability [14], and
as protective sunscreen in hostile solar environments
[21]. Iron/EPS casts are preserved after cell death (Fig.
2), potentially resulting in the preservation of micro-
fossils, applicable to ancient terrestrial and possibly,
Martian rocks and soils.

Presented results indicate that isolate 5.2 s.c.1 is
morphologically, physiologically, and phylogenetically
distinct from any other cyanobacterial genus and be-
longs to a novel genus and represents a novel species
of this genus. The name “Chroogloeocystis sidero-
phila” (i.e., “C. siderophila”) is proposed for this novel
cyanobacterial isolate. This organism was isolated
from, and is physiologically well adapted to, an envi-
ronment likely similar to that expected for Precam-
brian environments.

Other isolates are currently the subject of phyloge-
netic, morphological and biochemical examination.
We plan to verify conditions appropriate for ferrous
iron oxidation by either PSII or/fand PS | in iron-
tolerant cyanobacteria. Studies to elucidate the role of
iron-tolerant cyanobacteria in EPS-mediated iron
deposition, as well as for the microfossil generation,
are currently being conducted.
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Fig. 1. Light micrograph of the isolate 5.2 s.c.1 grown
in liquid medium DH supplemented with 400
UM Fe*, indicating iron-containing precipitates
on cell surfaces (black arrows). Bar =5 um.
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Fig.2. Iron/EPS cast (no Chl “a” fluorescence was ob-
served) preserved after “C. siderophila” cells
death. Same conditions as Fig. 1.
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